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Integrated Schottky-CFET cross section view 
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• SBD Device 
Structures 

The Anode is formed by MetaJ-Si 
compound-Ti3Si4 

The Cathode has two segments 
Teh is the high sheet rho part- 
several Kohm/sq 

Tch may be formed by epi or low 
dosage ImplanM0 )6 atm/cm 3 
Tci is the low sheet rho part <1 00 
ohm/sq 

Tci may be formed by epi with 
barried diffusion or high dosage 
Sub-Implant-1 0 18 atm/cm 3 



SBD Rc effect 2 
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Fig. 6A Open Reference literature 



Today, advanced wafei 
packaging processes aJ 
Hewlett-Packard to ma 
low cost surface moua 
diodes in high volumes 
nierctol and consumer 
appiicatloas. Tradition 
of these diodes are use 
lag and power monitor 
applications such as in 
cordless phones, sat ell 
sloa receivers. RFID(r 
, frequency Ideutlfjcatio; 
and many others. How 
creasing number of the 
are also used In digital 
applications such as th 
of tiansistar. optocoup 
eratlonal amplifier clrc 
over-voltage protectior 
and clamping. 

Tabto l. 



When the Schotuty diode Is re- 
versed biased, the potential 
barrier for electrons becomes 
large: hence Ihere is a small prob- 
ability Uiatan electron will have 
sufficient thermal energy lo cross 
the Junction. The reverse leakage 
current will be in the nanoampere 
range. 



hi contrast to a conventional pn 
Junction, cunetit in theSdiottky 
diode is carried only by majority 
carries. Because no minority car- 
rier charge stoiage effects are 
present SchotUty diodes have car- 
rler lifetimes of Jess than lOOps 
and are extremely fast switdunp. 
semiconductors. 
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Protection and totproTing 



AuijiUfiers 



bad, which can'ocaf im ho form 
oTexcusfeo comraon-niodo or dif- 
ferential voices, can resntt ina 

daircpor&sirqytlie input 
iraistsioiWi lie device. 

Amplifier Protection 
Protection of an operaltonal am- 
frifflor rrooi N^i tapm vt&qps 
can I* achieved by using a scries 
dkxje{HSMS28X^asslKmT)lo 
H^uror.ThediodfisyiriUihovoli. 
aj}ss at 0» input lotbo operaltonal 

amplifier to safe levels (appro*. 
0.4 V) without restricting tte 
signal swing. 

SetOii^g Time Speedup 
An important consideration for 
operational ampullar performance 
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age, Vj - Vj. Since the IntEgraUon 
ciraiii typicaljy lias a slow re- 
sponse lime, ll cannot respond to 
Fast input spikes. Ihus resulting in 
ringing in the output sftnal aral 




cellent choice Tor a variety of non 
RPapplicaUons. For further 
Information, contact your local 
Hewlett-Packard sales offioi 



Fig. 7 Sth Gen. IQ Schottky-CMOS-Logic (SCL m ) 



IC circuit solution and cost trends 
Figure of merit index comparison on NAND4 gate 
Area Access Pow« Defect AAP 
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Fig. 8 Demonstrative 
Embedded Library Solutions 

Exemplary logic applications additional to MLC arrays 
Low power IO Block functions 

ESD clamp diodes and line terminators 

Schmitt trigger at 1.2 V 

ZBUF1.2V 
• Transceivers 1.2 V 
Low power internal logic and level shifter 

Inverter, NAND, NOR, DFF, and combinationals 

XOR4 

Analog Differential Sense Amp and latch 1, 2 
Special functions 
L Oscillators 

2. PLL and DLL 

3. High speed RAM 

4. Mask ROM, OTP and FPGA 

5. Arithmetic; Adder + Multiplier 
6- Absolute value function 

7. ADC/DAC 
Controller Applications 
Semiconductor Disks 
Image storage and access devices 
Network storage and access devices 
Wireless and mobile communications 
Multimedia interfaces and data transports 
Generic Programmable computing devices 
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Fi g . 10 Lo Power STD3UF 

S ^ll rigger - f ° r VDD=1 - 2 -l-5V, Different Input Vt 



•VtLH=0.8V 
•VtHL=0.4V 
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Fig. 11 Lo Power IOBUF 



Single Phase Schmitt Trigger- ZBUF 



VDD=1.2-1.5V 
Different Input Vt 

VtLH=0.8V 

• VtHI>0.4V 



ZBUF 
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2. 

3. 
4. 



Complementary clock 

Can add predriver stages for large 
output Transistors 
50 ohm double terminated lines 
Vtm = 0.6V 
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Fig. 12 ZBUF & Transceiver -SCL 



h ZBUF 
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Clk and Clkb are complementary pairs 
Tl, T2 can scale up 3 stages to drive T6 
T3, T4 can scale up 3 stages to drive T5 
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Hi Power GTLOBUF, Lo Power PDIBUF 



GTL-OBUF 

•Vcc =1.2V 

•Vtm = 0.6V,Rtm = 25 ohm 
•Voh = 0.8V 
•Vol = 0.4V 



Fig. 13 Pulsed DIFF IBUF 

~ 'Neg. CLKB 

•DIFF input ~0.6V 
•Single/Dual phase In/Output 



PDIBUF 



GTOBUF 





Dual Phase PDIBUFF 




Vin-/ 

Vref PDIBUFF 
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• $'MlCMOS-TTL#$£ 
X0R2: W/O BUF 
Transistor: 3 NTX 3PTX 

Area/load units: 3 $ 

Tac c: 2x (50:70:100), 

-I50ps 

effects: Pre-dvr, current, 

loading 

XOR4: »VO BUF 

Transistor: 9 NTX 18PTX 

27 



Tacc: 



>S00ps 



effects: 



XOR4: W BUF 
Transistor: 
41 

Tacc: 

>400ps 
effects: 



3x (50:70:250), 
Pre-dvr, current, 

17 NTX 24PTX 
3x (70:120:170), 
Pre-dvr, current, 



• GSD ft&3r & : 
CMOS-DTL 

XOR4: Build-in BUF 

Transistor: 18 NTX 9PTX 

27 

Tac c: 2x (50:80:1 10), 

<200ps 4 times better 
effects: No ripple, No loading effect 



Applications: 

Packet switching: Preamble data 

stream check 
Parity tree 

Address change detection 
Multi-phase PLL clock 
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Fig. 14 

Y = AxoB 




Y = (AxoB)xo(CxoD) Needs BUF 



ft&TTL 




Clk 1 P I E 



i ~&- Y = A A B A C A D 

1niici7i»- r 



Fig. 15 Dlatch,Osc 



•Multivalued outputs 

•CMOS level 
•CML level 



Din 





0sc3 



tdl td2 
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•CMOS Osc.: 2 Types 
•SCL Oscillator/Delay taps 
•Osc: 2 types 
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Fig. 16 GDFF-SCL 




•Static DFF 
•Set/Reset DFF 
'SCAN register element 
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•Serial IN Parallel 
Out Shift Reg. - 
SIPOSR 
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Fig. 17 DFF with GNAND 

GNAND Approach 
1 8 Smaller Transistors 
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Fig- 18 IOBUF/Sense Latch 

Dual Phase Dynamic Sense Amp 

•Hi Embedded Resistance with Dl, D2 
•Difflnputs may be V3, V4 
•Diff Inputs may be V2, V2 
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Sense Amp Operation 
Precharge: Dl, D2 clamp MN3,4,5 OFF. 
Evaluate: V3,4 pulsed on»MN3,4,5 turned on»MPl 2 3 
Latching»Output Latch reset 
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19 Dual Ports 

1 — # 2 ports of word decoders 

, f #2 P°rts of 10 channels 

^ 'Page mode Time sharing 




Dynamic Read Onlyliemory-Hard and FPGA 



DSP-Translation Lookaside Buf for 
coefficients 

Controller- Microcode instructions 

Tx Array : Dif Poly Defined 

•Common Gnd 

•Shared Drain Contact 

•Strapped M2 VVL 

•Pre-charged Ml BL 

Scliottky array-Double density, low cost 
high speed 

•Vertical SBD, buried N+ cathode lines 

with strapped M2 option. 

•Pulsed decoder, Ml Word linel, No Poly 



Fig. 20 A 
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Fig. 20 B 
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Conventional CMOS 
Transistor ROM 
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Fig. 20 C 



SCL Dynamic SBD 
ROM-Double Density 
Faster Access times 
Mask prog. 

Fig. 20 D 



Fig. 20 E 








Fig. 20 F 

SCL Dynamic SBD 
ROM-Double Density 
Faster Access times 
Field prog. 



Legend 



Fig. 20 G 



Fig. 20 H 



Two schemes to make fuses of Local Interconnect 
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Poly contact 
1 st Metal 



LI film | 

Polycide 

1 st Metal plug 
Barrier metal 
N- cathode region 
N+ cathode region 
M Si02 



ESD Input protection with SBD 

Input protection circuits 



High lead-in poly 
resistors > 100 kohm 
Limit current peaks to 
<50mA 

Conductive SBD and 
bipolar PN parasitics 
LowCin<l-3pF 



Rett 
2)rn 



Fig. 2 1 
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Fig. 22, Totem pole level shifting and Vref schemes with SBD string 



Unprotected and protected P/Nwells 



Area of impact 
- 10 cells 
Array array: 
logic and Flash 



Parasitic device 
model 

- NPNinPwel! 
and PNP in 
Nwell 

Latch up due to 
lateral PNPN 
actions 

Suppression by 
passive N/Pwell 
tapping 

Double ring big 
areas, 

less margin 
Suppression by 
active device 
tapping 

Suppress NPN 
bySBDin 
NMOS bed- 
biasing to GND 
Suppress PNP 
by SBD in 
PMOS bed- 
biasing to VCC 




FigEfe A 7 v *>**« W« trtch-up mtmaM of ite ttopoiactet CFEi tettte 




Fig. 23B add local active low barrier SBDs as needed 



Input protection Circuits 

Latch up protection, 
Fig. 22C 

WireSBDinNwellbed 
toVCC 

Wire SBD in Pwetl bed 
toGND 

Controlled Hot well 
biasing by SBD, 
Fig. 23 

• Lower Vt 





